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INTRODUCTION
The most serious disease of oats

in the eastern half of the United
States is caused by the fungus
Pucc'in'ia coronata Cda. var. aoenae
Fraser & Led., commonly called
crown rust.3 The chief ireans of
coltrolling. this disease is bre.eding
and growlng resrstant, va,rretles.
Resistance does not necessarily pro-
tect a variety from all damage by
crown rust but protects it from at-
tack bv some races of the rust,.
New rdces of crown rust, in some
cases more virulenb than the old.
arise from time to tirne. apparentlv
as a result, of mutation a'nil sexual
reproduction. When such races be-
come preYalent, oat varieties that
are in common use because of re-

sistance to old races ma,y proye
susceptible to the new races and
need to be replacod. Difrerent
races of the funeus are identified bv
the reacbions thev produce on speci-
fied varieties of oa[s. Oat breeders
and cereal pathologists are vitally
concerned with t*he occurrence,
prevalence, and behavior of races
of crown rust and in the selection of
oat varieties used to difrerentiate
thom.

At present, races of crown rust,
are commonly identified on a set of
13 oat varieties that were selected
by Murphy (7, 8)^ as standard dif-
ferentials in 1935-36. At that time
most, of these 13 varieties were
being used in breeding new resistant

_ I Submitte4 for-publication Decemb_er 6, 1954. Project 1176 of the Botany and
Plsnt Pathology Department of the Iowa Agricultural Experiment Station. 
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16 {'hi Graduate Faculty of Iowa, State College in partial fulfiIlment bf the requirements
lor the degree-of doctor of philosophy. A copy of the thesis is on file in the Iowa
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to be tested as a new set of standdrd diflereniials for identifying races-of crown rust
tbey received invaluable cooperation and assistance from B. Peturson, plant pa-
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r Throqghout the remainder of this bulletin, Puccinia coronata Cd,a, var, auenae
Fraser & Led. is referred to as crown rust.

. Italic numbers in parentheses refer to Literature Cited, p.22.
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varieties. since then, new or for- Ames, rowa, in which three difier-
*"4y unimportant races of the ent sets of o'at varieties were tested
pathogel b?ve become so prev&- as crown rust, difrerentials. Th;
lent rn the United states that most varieties tested included, along with
of the old standard differential the standard differenti,it 

"u"l"ii"r,varieties are now susceptible to certain newer varieties thut;;;6i
prevalent .races.. This 

- 
bulletin newly prevalent races of the rust 

--

deals with investigations made at

REVIEW OF TITERATURE
I{oerner (9), in lglg, was the

first to demonstrabe physiologic
specialization of crown rusl among
oat varieties. He distinEuished 4
races of the rust on the basis of dif-
ferential reactions of 2 varieties of
oats,_T6$rs 73 (Ruakura Rustproof)
and fowa 96 (Green Russian). (A
summary of varieties used as difrer-
entials by difrerent investigators
appears later, in table 3.I His
form t heavily infected both these
varieties. tr'orm 2 was onlv weaklv
parasiLic on both. tr''orm 5 sHghtly
infected Iowa 73 and sev-erelv
infected Iowa 96. tr'orm 4 severel?
infected fowa 73 and slishtlv in-
fected fowa 96. Ifoernei's "data
indicated that more races miEht
have been distinguished by usinE
more varieties as-difleren tial hosts]

In 1926 Popp (12) reported the
use of 3 oat varieties, Sterilis Selec-
tion, White Russian, and Green
Russian, as differential hosts to dis-
tinguish 4 races of crown rust amonE
22 isolates studied.

Parson (9) differentiated b races
of crown rust in 15 collections bv
the reaction of 27 selections, varid-
ties, and species of oats. Only 4 of
tbese 27-Aaena sterilis, Red Rust-
proof, Ruakura, and Green Moun-
tain-proved to be of any practical
use as differential hosts.

In 1930 Murphy (6) conducted a
similar investigation'on & larqer
scale, using 33 varieties and spec'ies
of oats and +S collections of 6rown

rust, 32 ftom Auena and 18 from
Rh,amnus. He found 8 varieties
useful as differential hosts and dis-
tingyished 9 physiologic races. His
results are presented in the follow-
ing key:
Belar (C. L2760\5 resistant:

Red Rustproof (C. I. 1079) re-
srstanc:

College Algerians (C. I. 20SZ)
reslsfant_____ __ form B

College Algerians (C. L 2052)
susceptible___ form g

Red Rustproof (C. I. t0Z9)
susceptible:

Cowra (C. 1.2761) resistant_ form g
Cowr-a (C. I. 2761) suscep-

-  t ib le___ ___-_ form Z
Belar (C. I .  2760) susceptible:

Iowa.No. 69 (C. I .  2463) re-
slsta,nf,:

Aaena strigosa (C. I. lZ82)
resrst&nt:

Anthony (C. I. 2143) re-
sistant_______ form 4

Anthony (C. I. 2148) sus-
cept ib le---___

Auena strigosa (C. l. IZSZ)
susceptible _ _ _

Iowa No. 69 (C. I .  2463) sus-
ceptible:

Ifawkeye (C. L 2464) re-
srstant*______ form 6

Hawke.ye (C. I. 2464) sus-
ceptible------ form b

Murphy (7) continued his inves-
tigations b.y testing approximatelv
300 varieties of oati lorreac[ion t"o
each of 10 cultures of crown rust.
He selected 33 varieties as possible
differentials on the basis of these
tests, inoculated them with 245
cult-ures, and eventually selected 11
of them as standard difierentials for
crown rust races. This set included

5 "c. r." refers to accession number of the cereal crops section, Field crops Re-search Branch.



the varieties used bv other inves-
tigators as differentials. Murphv
observed 15 races previouslv dij-
covered and numbeied theni r to
15. In addition he identified 18
races that he could not relate to any
of those previously deseribed anil
numbercd- Cbem 16"to 33.

In 1935 Stakman. Levine. and
coworkers (16) reported the dis-
cqIely by Murphybf 4 more races,
which were numbered 34 to 32.
During the same year Peturson (//)
reportEd that by"studying the reac'-
tions of the diff-erentidls established
by Murphy Lo 544 Canadian collec-
tions of crown rust he had differ-
entiated 1l races of which g (1 , 2,
?,  4,  5,6,  9,  10,  and 24) had been
described previously. The two new
races were designated as 38 and 3g.

A new race identified in Australia
by W. L. Waterhouse was desiE-
nated in 1935 6 as number 40. At
about the same time Murphv and
Levine (8) reported the discbv"ery of
& new race, number 41. to which
t\e variety Victoria, resistant to
all races previously differentiated,
was suscep{.ible. Thev suEeested
the addition of Victori"a and"Bond
to the standard set of differential
varieties.

Brown (-1), workinE in EnEland.
identified 4 races witn tfe i
standard difrerential varieties. One
of these, race 6, had been observed
previously in North America and
Australia. The remainins 3 had
not been deseribed before and were
designated as races 42, 43. and 44.
Race +g was found ' in 'material

obt-ained fro? Portugal; races 6,42,
and 44, in collections ml,de in Gieai
Britain. In 1938 Moore. Downie.
and Murphy (5) reported Lhe dis-

o Munruv, Ir. c. coNTRoL oF oAT DTsEASES, rNcrruDrNc THE TESTTNG or yaRrETrEg
FOB REACTION TO DIFFERENT DISTIASES AS A BASIS FOR BREEDING RESISTANT VARIETIES.
1935-51,. _[unpublis.bed ann]r1l reports^. Q" {c cereal crops section, rieia-ciops
Research Branch, {gricultural Research service, PIant Industry station, B'ettsviLie,-Ma. ]

' llrNGSoLvER' U. fl. DETER'MrNATrON oF PARAsrrrc BAOES rN PUccrNrA coRoNATA
AvENAE. 1939. [unpublished master's thesis. copy on flle rowa state college
Library, Ames.l
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covery of a new race of crown rust
thab was able to attack Bond, which
was- regarded as a highly resistanb
variety at that time. This race
'was designated as number '4b.
Race 46 -was first described bv
Murphy.6 The discovery of rac"e
47 was credited by Murphy B to
Waterhouse

Two German invest igators,
X'renzel and Straib, made finer dis-
tinctions in determinins races of
crown rust than had been made by
other investigators. Frenzel (2)
isolated 55 cultures from 27 coltec'-
tions made in Germany in 1g28 and
1929 and tested them on these g
varieties: 1, Ruakura (C.I. 2025);
2, Uruguay; 3, Red Rustproof
(Appler) (C. I .  181b);  4,  Bi i ;  5,
Briinings Winter; 6, G'reen Moun-
tain (C. I. 1392); 7, Odenwiilder
Strauss; 8, Aaena steril;is yar. niora
(q I. s40 .9); and g, Mortga"ge.
He dislinguishbd :: separate rades
in the 55 cultures from the 27 col-
lections. In 1935 and 1936 Straib
(17) tested I47 collections from
difrerent locations in Germanv on
15 variebies. Some of these vari-
eties had been used previously by
X'renzel, and others correspondea
to differential varieties used'in the
United States. Straib identified
142 races in cultures from the 147
ccllections. His results were similar
to those of Frenzel in that he dis-
tinEuished & new and distinct race
in nearly every collection.
- _Kingsolver 7 and Kingsolver and
Murph] (y') compared t[e reac[ions
of the 13 differential varieiies used
by Murphy and his coworkers to
certain isolates of crown rust with
the reactions of the differentials
used by Straib to the same isolates.
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In additisn to the varieties Green
Russian. Victoria, Green Mountain,
Red Rristproof (Appler), Sterisel,
Glabrota, 

'and Bbnd, all used bY
Murnhv.' Straib used Gigantea,
Schdar"zhafer. I]rusuaY 64s, Oden-
wiilder $trauss. Landhafer aus IJru-
suay llandhafer], Sandhafer, Flug-
f,af6r,- and Mortgage. The com-
naraLivo tests weie-made with 81
iinEle-pustule isolates taken from
crfr n^rust, collections made in 17
difierent States.

Amons these 81 isolates the 13
varieties- used by MurPhY differ-
ontiated 19 races and the 15
varieties used by Straib differ-
entiated 46. Th6 combination of
Murnhv's and Straib's varieties
diffeientiated 55 races, and addi-
tion of the variety Ukraine (Mutica
Ukraine) to this combination re-
sulted in differentiation of a total
of 60 races. The largest grouPs of
isolates identified on MurPhY's
differentials as of a single race were
24 identified as of race 1 and 28
identified as of race 6. These groups
were divided by Straib's differ-
entials into 18 races and 16 races,
respectively. On the other hand,
12 ̂ isolatei that, induced the same
reaction on tho varieties used bY
Straib were divided into 2 races bY
the reactions of the standard set of
13 differential varieties.

With regard to ratio of number of
races iden[ified to number of differ-
ential varieties used, the 8 varieties
used onlv bv Straib were the most
effi.cient iet Lnd the 7 varieties used
in common bv Murphy and Straib
were less efficient, than-eibher of the
eomplete sets.

S. DEPARTMENT OF AORICUI,TURE

The 19 races identified bY King-
solver 8 and Kilgsolver and MurPhY
(.4) on the difrerential varieties used
bv Murphv included 6 that had not
b6en desciibed previously. These
were numbered 48 to 53.

Descriptions of race 54 and races
57 to 100 have not been Published,
but have been recorded bY MurPhY.'
Race 54 was first identified bY
Peturson in Canada; races 55 and
56 were discovered in South Amer-
ica by Vallega (/8); the large grouP
of ralces numbered 57 to 95 were
described bv l\furphy;o and races
96 to 100 wi're disiov:ered in Wales
in 1950 bv D. J. Griffiths.lo A race
numbered 101 later in the same
ye&r (14) was first rePorLed bY
Rosen and MurPhy (,19) in 1951-
This race. whichbtlacks both Bond
and Victdria, appeared in 51 of the
58 collectioni of crown rust made in
Arkansas in 1950 (/4).

Races 102 and 104 have been
reported by Waterhouse (I9). (For
the status-of race 103, see table 1,
footnote 3.) Races 105 to 107 are
described in this bulletin. Races
108 and 109 have been described,
in correspondence with the aubhors,
bv Vermi, and Finkner, respectively.
Rlace 110 was discovered in South
America bv Silva (/5).

AveraEe-reactions of the standard
difierential varieties to each of the
races identified uP to the time of
this writins are Eiven in tables I
and 2. Al[housilraces 105 to 107
and 111 to 113 6re first discussed in
this bulletin. reactions to them as
determined bv the authors &re
included in these tables for the sake
of completeness.

e See footnote 7.
o See footnote 6.
, iettlrlio- G;mtft" to the junior author dated December 11, 1950'



COMPARISON OF CROWN RUST DIFFERENTIAIJS 5

Terr,n l.-Aoerage rea.ct'i,ons I oJ the old di,fererdinl oat (Auena) oarinti,es,
tn the seed,ltng stage, to races 1 to 113 oJ croum rust,

Race

See tootDotes qn p, 7

1__-______________l 4
2---______________t I
3__-______________t 0
4____________-____l  3
5-____--__________t 0
6-_____-_-___-____l  0
7_________________t 4
8-________________t 1
9_-___-___________t 1
10-__-_________-__l  4
11___-____________l 4
12___-__-__-______l  4
13___-____________t 4
14--------- - - - - - - - l  I
r5-___________-___l 0
16__--------- - - - -_ l  1
17__-_____-__-_--_l  0
18-_________-_____l  0
19----_-___-______l  0
20______________-_l  4
21__-_________-___l  0
22_-______________l 0
23-_____-______-__l  4
24_-____-______-__l  0
25-_____________-_l  4
26_____-_____-____t 4
27__--____________l 4
28________________l 4
29____---------___l  0
30--------- - - - - - - - l  4
31_______-_-______l  3
32_-______________l 4
33_-_-------- - - -_- j  4
34--------- - - - - - - - l  4
35___-____-_______l  3
36_-_-_____-___-_- l  3
37--______________l 4
38________________l 0
3S_-_---------____l  0
40____------______l  4
41_____-_-________l 1
42_-_-_________-__l  2
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See footnotes otr p. 7.
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Tenr,n l.-Aaerage react'ions r oJ the ol.d di'lferen'tlal oat (Auena) uarzett'es,
inthe seed,li,ng stage, to races 1 to 113 oJ croutn rzsl 2-Continued
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113_____---_------
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4

4
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A

4

4

^
0

^
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4-/
4

S
1

R

4

4
1

^

/

4
4

R
2
S
4/
4

I Tvpes and degrees of infection are represented by symbols as follows: I, immune
(no macroscopic elsidence of infection); 0, nearly immune (necrotic or chlorotic flecks
or areas, but iro uredia); 1, highly resistant, (necrotic or chlorotic flecks or areas, some
of whicir contain smail-uiedia); 2, moderately resistant (necrotic or chlorotic flecks
or areas, most of which contain small to midsized- uredia); 3, moderately guqc.epli-
ble (chloiot ic areas surrounding abundant, midsized uredia, no necrosis); 4, highly
iuscbptible (no necrosis or chlo.-rosis, uredia large and abundant); R, resistant; S,
suscebtible: x, mesothetic ( infect ion heterogeneous and i l l  defined)'

2 The oarasitic races lisled were discovered or given numerical designations by the
fol lowine: I  to 33. Murphv; 34 to 37, Stakman,-Levine, Christensen, and Isenbeck;
38 and 59. PeLursott;  40, Waterhousei 41, Murphy and Levine;42 to 44, Brown; 45,
Moore. Dirwnie. and'Mdrphy; 46, Murph.y; 47, Waterhouse; 48 to 53, Kingsolver and
Murohv:54. P6turson;55 and 56, Val lega; 57 to 95, Murphy;96 to 100'  Gr i f f i ths;
tOt. 'no. '"" d,nd Murph.y; 102 and 101, Waterhouse; 105 to 107, Simons and Murphy;
108. Verma: 109, Finkner; 110, Si lva; l t l  to 113, Simons and Murphy.

3'Reactioirs of' race 103 are 
'not 

tabulated because the race to which this number
was given was later shown to be similar to a previousiy identified race.
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Teer,o 2.-Descriytti,ae Jormulas Jor 1121 races oJ crown rust t'dentif'ed' on
the otd, set oJ li dilferent'ial oat uarieties 2

Race

to
61
80
ol')
62
D+
a0

73
92
50
93
94
2

38
39
44
5
q

/o
2L
86

102
4L
18
16

108
A1

69
81
87
48
49
90
52
58
82
19
64
63
22
17
84
ID

B3
D

q/

AO

8
70
L4
59
5l
o/
IL

66
ID

105

l, 2, 3,1,4,15,6, 7, 8,19,,10, f  l , ! l  2, I  3
t .  2.  3.  4.  5.  6.  7.8.12. L3
r' ,  2' ,  3; 4; 5: 6, 7, '  s, l  o, r 1, 12, 13
t,2,3,  4,5,  6,  10,  LL, L2, 13
7,2,3,  4,  6,7,8,  10,  1r,  12,  13
r,2,3,4,6,7,8,  12
1,2,3,  4,  6,7,9,  10,  11, 12, 13
1,2,3,  4,  6,7,  t2,  t3
1,2,3,4,  6,  13
1,21 3,  4,  7,  12,  L3
l,  2, 3, 6, 7, t3
1,  2.  3.  6.  11,  13
1' ,2,4,5:6,  7,  8,  9,  10,  r r ,  12,  13
t,  2,  4,  5,  6,7,8,  9,  10,  r  r ,  12
1,2,  4,  5,  6,7,8,  9,  10,  12, 13
l ,  2,  4,  5,  6,7,9,  10,  t1,  12
r,2,  4,  6,7,8,  12,  r3
1,2,  5,6,  9,  10,  L l ,  12,  L3
1,2,  5,  6,  9,  12,  13
L,2,  5,  6,  12,  t3
L,2,  6,9,  12,  13
r,2,  6,  12,  L3
1,2,  12,  13
t,3,  4,5,6,7,9,  r0,  11,  12, 13
t,  3,  4,  5,  6,  7,  9,  10,  11, 12
1,3,  4,  5,  6,7,9,  10,  12, l3
1,  3,  4,  6,  7,  8,  t2,  13
1,3,  4,6,  7,  8,  13
l,  3, 4, 6, 7, t2, t3
1,3,  4,6,  8,  10,  11, 13
I,3,  4,6,  8,  12,  13
t,3,  4,  6,  12,  13
1, .3, 4, 6, 13
t ,3,  4,  t2,  l3
1,  3,  5,  6,7,8,12, 13
1, 3,  6,  12,  13
r,  4,  5,  6,  7,  9,  10,  l l ,  12,  13
1, 4,  5,6,  7,  10,  11, 12, 13
l ,  4,5,6,7,12, 13
r, 4, 6, 7, 8, 12, r3
L, 4,  6,  7,9,  10,  11, 12
t,  4,  6,7,  12,  l3
1,  4,  6,  10,  11, 12, 13
r,  4,  6,  t2,  l3
1,  5,  6,  9,  10,  11, 12, 13
1, 5,  6,  9,  10,  11, 12
1, 5,  6,  9,  10,12
1, 5,  6,  9,  l l ,12,  L3
1, 5, 6, 9, l t ,  12
1, 5,  6,  10,  11, 12, 13
1, 5,  6,  12,  13
1, 6,  9,  10,  11, 12, 13
1, 6,  9,  10,  12
1, 6,  10,  11, 12, 13
1, 6,  10,  12, 13
L, 6,  lL,  L2,"13
1, 6,  11,  13

1 See footnote 3, table 1.
2 For names of varieties designated by the nurnbers tabulated, see table 1. Paren-

theses signify a mesothetic reaCtion (infection heterogeneous and ill denned).

Resistant variety or varieties ] Rur" Resistant variety or varieties

t2,
ID

t2

13

1t

(7),

r0. 1

,1,
t

t2
19

13

12

I6

2
13
1t

1a

1'

,
(1
1t

I

I

o

J

13

t7

R

2rL
q

,1

,10
rD

, l i
(o/,

,7,
,8,

R
R
R
q

19

.  IJ

(5
l
6, i
Frc

F7e

,<

7,f

8r l
8, 1
10,
11,
t2,
L2
lo

10,
13
1t

R

L2,
10,
12,
:8),

o"
o,,
6,{
12,
6r(
(7)
1,2,
o

'  1 l

1),
, (5
o

o,

a\

a1
t7 l

8r l
R

10,
11,
t2,
L2
lo

10,
13
1t

i
R
L2,
10,
12,

(8),
I
R

10
11,

) ,  1
) ,  1 i
).  1

46
' ,46

, ,  4, 6,
' ' ,  6, l i
,, 5, 6,
, ,  6, (7

,6,9,
' ,  12, 1
' ,  (11),

(4), (
2,  L3
' ,  5^,9,
' r tJ ,  I t
: ,  O, / ,
: ,  o,  l ,
. ,  6, 7,
, ,  6, 7,
' ,  6, 8,
, ,  6, 8,
, ,  6, 1(

' ,  6,  1:

' ,  6, 1i
. ,  6, 1:
, ,  6, 1:
i, 9, 11
i ,  8, 1:
l ,  lo

i ,  7, 8,
i ,7,  L i
i ,  8,  1(
i ,  8,  l i

6, (8.
i ,  13
\, 7, 8,
i ,  9,  1 l
i ,9,  I
i ,  10,
i ,  12,
),  10,
t0, 12,
10, 13
lt ,  t2,
t1.  13

12
I '

4l
4l
LI

6,
5r l
6,
1

6, 1
12
(11
4)

12
(11)

(4\

,13q,9
o, I
o ' /
orJ
6,7
o' l
6R

6,8
6, 1
6, 1
6, 1
6, 1
6, 1
6, 1

8, 1
TO

7,9
7, L
8, 1
8, 1

6, (8
13
7,8
9, 1
9, I
10,
12
10,

l ,  t2
) ,  13
. ,  t2
: ,  13
, .  13

6, 1:
6,  1 l
o
13

3,4
3, 6,
4, 5,

4,7 '
5,6
6 1,

6, ( .
\ (4
12
415
46

4,6
4A
4A
46
46
46
/"R

4n

5,6
D'/

6,8
6, 1
617
6,7
6R

6,9
,) ,  o,
6,  1
617
6,9
60
o, l
61
o1
10,
10,
l I

t1
rr t

1 '

L2
lo

r  19

1r€
1(
1rt
1,  1
1
qt

qa

,t

ot

2t
o/
q/

t r

2,t
2,(
(2),

1
or l

o '  I

3t

o '  1
o' i
3,t
3r(
3,(
4a
4(
41
4(
(4\

4l

5,(
5r(
5,(
5,(
5,  1
6, 1

6, 1
6, 1
A

6,
6
ti
6
1t

13

lo

o

,

(8)

19

13

ID

10, 1
lo

t2,  7
P.: t2,
LO

) ,  11,

o

,6r( i

t2
9, 1C
10, 1
13
t2,7
10, I

z,  t3
]
L2
L2, 13
t3

t2

t6

2, 13
13
12, 13
13
12, 13

2, t3
(11),
r t  1 l

12

t2,  1

5, 7, 8,
6,7,8,
6,  8,  1(
12, L3
6, 9, 1i
(7), 8,
12, 13
9, 10,

rD

),-13 ^(o/ ,  o
i
6,7,  t i
7,8,9,
7, 8, 1(
7, 8, l i
7, 8, r:
7, 9, 1l
8,12, .
8,  13
to, 12
Lr,12,
12, 13
L2
lo

10, 12
13
12, L3

8, t2,
L2, L3
ro, L2,
12, r3
g),  12,

8, 12,
10, (11
11 1t

1

1

1
2

1
1

1

, 10, (11),

I rJ

0,12,
3
2, L3
0,12
13

r  rJ

I t

, ro

,13

13
t) ,  12
,13
2

2. 13

o
ct

113
oo

tl2
46

100
104
28
^

53
OD

33
20

11
109

6l

68

96
40

110
97
85
78
98
88
99
91
t2
95
20
26
27

31
111

il.,

50

23
13
OU
74
7S

to7
a.)

106
I

30
45
89
56

101



COMPARISON OF CROWN RUST Dff'F'ERENTIALS

MATERIALS AND METHODS

In the investigations reported
here, which were made in 1950 and
1951, 6 oat varieties having the
newer sorrrces of resistance to crown
rust were tested as differentials
alone with the standard set of 13
diffeiential varieties. The names
and C. I. numbers of the 19 va-
rieties are Eiven in table 3. Not
onlv the st6,ndard differentials but
the" varieties Landhafer. Santa Fe,
and Ilkraine had been used as
crown rust differentials in earlier
investiEations. report's on which are
cited ifr the t;bl;. Thesc 16 vari-
eties represent the major taxonomic
groups-of l,he cultivaied oats. OI
[ne a other varieties, Trispernia
came to the United States from
Canada but was obtained by the
Canadian investisators from Ru-
mania; Bondvic rias developed by
Murphy at the Iowa Agricultural
Experiment, Station from an An-
t ,honv-Bond x Boon e cross ;
and Saia was introduced inlo the
United States from Canada but

Because the variety Saia was not
used in 1950, races characterized
on the new and combined sets of
differential varieties in 1950 cannot
be compared directly with races so
characterized in 1951 or with any
other races that may later be
identified on the comnlete nerv set
of dif lerentials. For this reason the
1950 data are presented here in
summary form only. The com-
plete 1950 data are contained in an
unpublished thesis by the senior
author.tr

By use of the old set of differen-
tials, 14 races were difierentiated
amonE collections made in 1950
(table 5); race 45 was the most

RACES IDENTIFIED IN 1950

apparently originated in Braztl'
The 19 varieties were tested as

3 groups: (1) The s[andard 13
differential varieties; (2) a new set
containing AnLhony, Victoria, Ap-
oler. and Bond of the old set,
ftus tne new varieties Landhafer,
Santa Fe, IJkraine, Trispernia,
Bondvic, and (in 1951) Saia; and
(3) the combined set of 13 old
varieties nlus 5 new ones in 1950
and 6 new ones in 1951. These
groups, and t}e,numeration of the
varieties used Lhroushout the re-
mainder of the bulleiin, are shown
in table 4.

Collections of crown rust were
obtained from plant pathologists,
oat breeders, and others located at
widely scattered points in the
eastern half of the United States.
Two collections were obtained from
Mexico. In 1950, 290 cultures
were used: in 1951. 381. Methods
of inoculation, isolation, and test-
inE used were similar to those
deicribed by Murphy (7).

common, accounting for 63.1 per-
cent of the cultures. The relat'ively
new race 101 was isolated from 2
collections made by I. M. Atkins at
Weslaco. Tex.. ori Landhafer and
an unknown variety. Race 111,
which had not been described pre-
viousiv. was isolated 9 times. It
resembied the common r&ce 45
except that it could not parasitize
Anthonv.

By uie of the new set of difreren-
tial "varieties minus Saia, 27 races
were differentiated amonq collec-
tions made in 1950. Of this total,
16 were later found to correspond
roughly to races identified by use
of the complete new set in 1951.

"  
St*"-q M. D. pnysrolocrc spEcrALrzATroN AND TNHERTTANCE oF RESTsTANcE To

spEcrFrc RACES oF ?uccrNrA conoNATA coRDA vAR. AVENAE r'. & L. 1952. [Unpub-
Iished doctor's thesis. Copy on file Iowa State College Library, Ames.]
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COMPARISON OF CROWN RUST DII'FERENTIAI,S ll

Tes"u  .-The 3 sets'in wlri,clr, ttr,e 1g aa*ieties were tested, as di,fferentials

Old set New set Combined set

:l Variety No Variety No. Variety

1

2

4
5
o
,7

8
o

10
1l
12
I2

Ruakura
Green Russian
Hawkeye
Anthony
DUnrrse
Victoria
Green Mountain
White Tartar
Appler
Sterisel
Belar
Bond
Glabrota

Anthonv
Victoria
AppIer
Bond
Landhafer
Santa Fe
Ukraine
Trispernia
Bon-dvic
Saia 1

Ruakura
Green Russian
Ifawkeye
Anthonv
Sunrise 

"

Victoria
Green Mountain
White Tartar
Appler
St-erisel
Belar
Bond
Glabrota
Landhafer
Santa Fe
Ukraine
Trispernia
Bondvic
Saia 1

101
r02
103
104
105
106
707
r08
109
110

l

2
3
i

o
7
8
I

10
11
12
13
I4
1K

rt)

18
19

I Used in 1951 only.

T.c.s"n S.-Races oJ *own rust id,entif,ecl on old, set oJ ls d,i,ferential uari.-
eties in 1950 and Lgil, ancl d,i,stributi,on oJ each, imong luhtues used,

Race 1950 cultures 1951 cultures

.o

7.9
?

6.9
.o

1.0
.7

rt .7
7

0
0
0
J. I

0
0

Number
o
0
U

r83
0
1

23
1
1
1

20
I
o

2
34
2
0
0
0
I
0
0

Percent
3. 1
0
0

63. 1
0

Number
4
3
1

246
5
0

22
0
0
0
I

0
0
o

72
2
I
4
1
1
1

Percent
1.  I
.8
.D

66. 1
l .  o

0
5.9
0
0
0
.3

1.3
0
0
.8

19. 4
.5
.o

1. 1
.o

.3

.o
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The remaining 11 obviously were
distinct from any of the 1951 races,
regardless of how Saia would have
reacted to thern. These 11 races,
however, have been left unnum-
bered because the reaction of Saia
to them is unknown.

When the old set of 13 differen-

Among 372 cultures from collec-
tions made in 1951, 16 races were
difrerentiated by use of the old set
of 13 differential varieties (table 5).
Race 45 was by far the most preva-
lent. It accounted for 66.1 percent
of the total number of cultures, in
comparison with 63.1 percent of the
cultures from collections made il
1950. Race 101, observed for the
first time in 1949, was the second
most prevalent race in 1951. It
was identified 72 times, and thus
accounted for 19.4 percent of all the
cultures. This race narasitizes Vic-
toria aggressively, while race 45
induces only very small pustules on
Victoria. Race 55, closely related
to race 101 in parasitic action, was
identified 5 times.

Race 57 followed race 101 in
order of prevalence. It was iden-
ttfi,ed 22 times, and thus made up
5.9 percent of the cultures. Race
89, which attacked all 13 differen-
tial varieties except Victoria, was
observed 5 times. Race 111, first
found in 1950, was found once

toria and all other varieties of the
old set except Ruakura. It, differs
sharply from races 55 and 101 in
that it produces an infection of
type 3 or 4 on Glabrota, whereas
they ordinarily produce no macro-

RACES IDENTIFIED IN 1951

t'ials and 5 of the new difrerentials
were used as a sinsle set of 18
varieties, greater divelsifi cation was
evident; 43 separate races were dif-
ferentiated amonE the same collec-
tions that, whenlested on the old
and new sets, had appeared to con-
tain 14 and 27 races, respectively.

scopic evidence of infection on this
variety. Race 113 attacks Glabro-
ta but not Victoria. Races 105,
106, and 107 are not of special in-
terest, di-ffering among themselves
and from the otler racei bv the reac-
tions they induce on " Ruahura,
Sterisel, and Belar. Race 107 was
isolated 4 times, and race 105 twice.
Each of the other new races was
identified only once.

Ifhen 381 cultures from co]lec-
tions rnade in 1951 were tested on
the new set, of 10 differential varie-
ties, 27 races were differentiated
and were given numbers beginning
with 201 (table 6). Race 202 was
the most prevalent one; isolates
identified as of this race made up
35.2 percent of the total. Race 203
was the second most preYalent,
with 70 isolates, or 18.4 percent of
the total. It difrered from 202 onlv
by its ability to attack Ukrain6.
Races having the ability to para-
sitize Victoria totaled 7. The most
common of these was 213, which
occurred 53 times. The other

mon of these, comprising 32.7
percent of the total number of
cultures, was that identified as
race 45 on the old set and as race
202 on the new set. The second
most common race, comprising 15.9

among the 1951 cultures. "Victoria races" were 216, with 23
Bond was resistant to only 8 of isolates; 215, with 3 isolates; 217

Lhe372 cultures, including 4 of race and 218, with 2 isolates each; and
1, 3 of race 6, and 1 of race 15. 214, which was identified once.

n'ive races that had not been de- Bv use of the combined set of 1g
scribed before were observed. These differential varieties, 44 races (table
were numbered 105, 706,707, 712, 7) were differenLiated amonE the
and 113. Race 112 attacks Vic- 1951 collections. The rnost-com-
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pprcep^t of all the cultures, was that third was that identified. as 101 oridentified as race +S or 202. The 21i.

Tenr,n 6.-Racial d;istri,bution oJ 1g51 cultures accord,ing to tests on old, and,neus sets oJ d;iferentials, respictiaery, by grogriphii iii,,ii"ij"i"uections
OLD SET OF 13 DIFFERENTIALS

Cultures, by geographic origin of collections

North Central
States

Southern
States

Mex-
ico Total

Per-
cent
0
0
0

44.4
11.1
22.2
0
0
0

11.1
a.D
5.5
0
0
0
0

Nwn-
ber

0
0
0
8
2
4
0
0
0
2
I
1
0
0
0
0

Num-
ber

D^*

cent
r. I
.8
.3

66. 1
1.3
5.9

.5

1.3
.8

19.4
.5
.O

1. 1
.3
.o

.3

Num-
ber

+
3
I

246
o

22
1
5
3

72
,
I

I
I
I

201
202
203

I
0
0

66
0
3
1
0
3

0
0
0
0
0
0

0.5
35.2
18. 4

.3

.5
4.7
o. I

.3

.D

13. I
.3
.8

6.0
.5
.5

1.0
o.r
1.8
3. 1
.3

.)
L34
70

1,
18
L4

1

,
53

1
o

23
2
2
4

t4
a

t2
I

0
2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

L.2
2'L
22.4
I .2
0
o.o
0
1.2
0
7.L
0
0
5.9
0
2.4
4"7

10. 6
ql

I9 0

1.2

1
19
' to

I
0
o

0
1
0
6
0
0
5
0
2
4
o
2

I I
I

0
31. 8
, rye

0
4.5
9. 1
ILD

0
0
4.5
0
0

13i 6
4.5
0
0
0
0
0
0

0
7
o
0
I
2
I
0
0
I
0
0
3
I
0
0
0
0
0
0

o.4
39. 0
16.5
0

A

4-8
4.8
0

16. I
^

1. 1
5.5

1

0
0
1.8
1.8

-1
0

I
106

+D
0
1

13
13
0
2

+o
I
D

1i)

I

0
0
D

5
I

0

204____,___-_____
205___-_______-__
206--____________
207 _ _- -_ _ - -__ ____
208___-____--__-_
211__--_______-__
213______________
2L4____-___- '  ___-
215____-_________
216______--______
2t7 ___________-__
218__-___________
219____________-_
220____-____-____
22r_____________-
.tro

223

NEW SET OF 10 DIFFERENTIALS
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Taer,p 6.-Raci,al d,'istri,bution
ancl new sets oJ diferent'ials,
lzon s-Continued

NEW SET OF 10

oJ 1951 cultures accordting to tests on old,
respectiuely, by geograph,ic source oJ collec-

DIFFERENTIALS-Continued

Cultures, by geographic origin of collections

North Cent
States

Northeastern
States

Southern
States

Mex-
ico

224____-_-_-_____
225____________--
227 __-__________-
233__-_---_-_-___
237 ______________
24L___-_-__-__--_
242____--________

Total

Races per geo-
graphic source

number--

r00. 0 22

Num-
ber

4
1
1
2
2
o

1

Per-
cent
1.5

.4
t,

L1
1

Num-
ber

0
0
0
0
0
0
0

Per-
cent
0
0
0
0
0
0
0

100. 0

Num-
ber

0
0
0
1
0
0
0

Per-
cent
0
0
0
t.2
0
0
0

Num-
ber

0
0
0
0
0
0
0

D^-

cent
1.0

.o

.o

.8

.5

.8

.o

100. 0272 100. 0

In general, finer distinctions were
made with the new set of differen-
tials than with the old (table 7).
When Lhe cultures characterized as
of old race 45 were identified on the
new differentials, for example, they
were found to represent 11 different
races-one-fourth of the total num-
ber of races differentiated bv the
combined set. The most, preialent
of t'hese 11 races, defined as race 202
on the new set,, comprised nearly
half the group. Use of the new set
did not always result in finer dis-
tinctions, however; in some cases a
group of cultures identified on it as
of a single race were of several dif-
ferent races according to tests on
the old set. tr'or example, the cul-
tures identified as of race 202, most
common of the new races, were
identified as of 5 differenl raees
when tested on the old set. The
most common of these, which
accounted for 87 percent of the
group, was race 45.

The cultures tested in 195f repre-
sented substantial numbe.rs of col-
lections made in each of two resions
of the United States-the North
Central States and the South (table
6). On the basis of tests on the
st andard differenLials, a comparison
was made between the iultures
representing these two regions, re-
spectively, as to prevalence of each
of the more common races. It ap-
peared thal there was Iittle if an.y
iignificant diflcrence between th"e
two groups of cultures in this
respect. X'or example, race 45 ac-
counted for 65.1 percent of the
culbures from the 

-North 
Central

States and 72.5 percent of those
frorn the South, and race 101
accounted for 20.3 percent of the
cultures from the North Central
States and 18.7 percent of those
from the South. - Certair of the
new races, on the other hand, were
relatively mo-re common among the
cultures from one of these resions
than among those from the other.
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T.ter,n 7.-Reloti,ae distri'buti,on oJ cultures tested 'in 1951 among races
d;iferent'iated, on old ancl new sets I oJ d;i'ferentt'al uariet'ies, respect'iaely

Race differentiated on
new set

Distribution of
cultures with
reference to

corresponding
race or races
differentiated

on old set

Race dif-
ferentiated
on old set

Distribution of
cultures with
reference to

corresponding
race or races
differentiated
on new set

t

0
0
o
A

2

5

I
^
0
0
0
5
3
{)
2
I
o
0
+
D

0
0
I
2
o
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

Percent
100.
87.

l -

2.
1.

85.
8.
1.
2
].

100.
50.
50.
94.

D.
/o.
11.
5.
b.

100.
4.

95.
100.
100.

5.
88.

o.
100.
100.
100.
100.
100.
100.
100.
100.
100.
50.
50.

100.
50.
50.

100.
100.

111
45
ot
89
95

107
45
t t I

89
107
113
88
at

105
4D
ot
45
c/

105
106
95
55

101
101
101

'D101
tt2
101
101
101
45
45
45
45
45

tl
o

15
I

1
6

+i)
45

1
t2L
11
,
3
2

59
o
I
2

18
1

13
2
1
1
1
2

+6
I
o
I

IE

I
,
2

13

19

1

4
1

I

I
3

Percent
100.0
48.4
Rq/

oo. /
75. O
50. 0
23.6
28. 6
33. 3
50. 0

100. 0
100. 0

4.8
50. 0
7.2
4.8
5.2
9.5

50. 0
100. 0
25. L
66. 7
95. 5
t .4
a.o

33. 3
q1 A

100. 0
2.9
2.9
r. I
5.2
2.8
4.8

l

1.6
DD. J

DJ. J

100. 0
75.0
25.0
6J.6

A
24t______-
242

1 Each of the 44 different combinations of races identified on the old and new sets
represents one of the 44 races identified on the combined set.

Races 202 and 213 were much more amonE those from the South, and
common among the cultures from race 203 was somewhat mo.re com-
the North Central States than mon amonE those from the South.
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COMPARATIVE MERITS OF

Relative efficiency of the 3 sets of
differentials was eitimated on the
basis of their reactions to the 320
cultures identified on the combined
set of 19 difrerential varieties in
1951. Of the several difrerent pro-
eeduros by which relative efficjen-

Tenr,n 8.-Relatiae efitiencies_oJ.3 sets-oJ itiferential aorieties in i.d,entiJy-
xng cuttures Jrom collecti,ons oJ arou)n rtnt made in 1951

SETS OF DIFFERENTIALS

cies might be computed, two were
used (table 8). In both, the effi-
ciency of the standard set of
differentials was arbitrarily rated
100 and that of each of t6e other
sets was computed in relation to
this value.

Item Combined
set

19
44

275. O
188. 2

.1 The efieiency-of the old set was arbitrarily rated 100, and that of eacb of the othersets was computed in relation to this value. -
, 

E$ciency was rated on the basis of number of races differentiated.r .b.;tliciency was rated on the basis of ratio of number of raceg differentiated to num-
ber of varieties used as differentials. 

- - - -- --

per variety. With the ratio for the
old set taken as 100, comparable
figures for the new and combined
sets were 2t1.2 and 188.2. re-
spectively. On this basis the new
set is clearly superior to the com-
bined set.

In decidine what set, of differen-
tial varieties shouid be recommended
oYer the others, not only the
efficiency of each set but - other
factors had to be considered. One
of these was the fact that informa-
tion gained by differentiating races
of crown rust is used priinarilv
by persons interested in oi,t breed-
ing and oat pathology. Such per-
sons &r@ concerned with the preya-
lence of groups of races that attack
varieties used as sources of resist-
ance in exiscing commercial varieties
of oats or, us6d in producing new
commercr&l Yartelres.

Among the standard 13 differen-
tial varieties, 9 are no longer of
value from a commercial or breed-

The most obvious measuro of
efficiency was the total number of
races difrerentiated with each set.
By using the old set, a total of
l6 r&ces could be differentiated
emong the 370 cultures; bv using
the lew set, 26 r&ces; by uiing the
combrned set, .44 races. On this
basis the combined set rvas the most,
efficient, differentiatins almost B
times as ma,ny races as" the old set
and about, ?0 percent more than
the new set. T[e relative efficiencv
values were 100, 162.5, and 275. -

This procedure ignores difierences
in numbers of varieties in the three
sets. There is justification on
practical grounds for taking such
differences into account, as more
labor is involved in idehtifvins a
given number of collectioni oi a
set containing 19 varieties. for
example, than in identifying'them
oq a setcontaining only 10 varieties.
The old set difr6rentiated, on en
a,verage, a little rrore than I race

100 | 162.5
100 | 2rr.2
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ing standpoint. These are Ruaku-
ra, Green Russian, Hawkeye, $un-
rise, Green Mountain, White Tartar,
Sterisel, Belar, and Glabrota. Racos
difrerentiated by these varieties
B,re now of little interest to the oat
breeder. Use of these varieties as
differentiais could be discontinued
for this re&son alone. All these g
varieties except Glabrota have other
disadvantages. Green Russian and
Sunrise were susceptible to all
cultures of crown rust tested in
1950 and 1951. and Green Moun-
tain, 

.White 
iartar, Sterisel, and

Belar were susceptible to most of
these cultures. Consequently these
6 varieties have little value as
differentials. The Sunrise varietv
is particularly objectionable becaus"e
of its strong tendency to exhibit
extreme necrosis when subjected
to high temperatures in the hu-
rniditv chamber. The reactions of
some-of the g varieties-particu-
larly Ruakura-to certain cultures
varied somewhat according to en-
vironmental conditions (/0).

On the basis of the facts stated,
it is recommended that the old
set and the combined set of dif-
ferentials not be used further in
differentiating crown rust races.

Of the 10 varieties that compose
the new set of difrerentials, all have
certain advantages. Landhafer,
Santa Fe, Trislernia, and U:
kraine are good difrerential varieties.
The first two of these rather uni-
formly exhibited a well-defined 0
reaction to most of the cultures. not
greatly afrected by environmental
variation. {Ikraine w&s either
clearly resistant or clearly sus-
ceptiEle to nearly all the crilt*er.

RUST DIFFEREI{TIAIJS T7

The reaction of Trispernia to somo
cultures was afrected by temperaturo
variations; resistance of this variety
tended to break down at higher
temperatures. These four varidties
are all valuable as sources of resist-
ance to meny races of crown rust.

Victoria, Red Rustproof (Appler),
and Bond, which represent the ge-
netic sources of resistance to crown
rust in oat varieties currentlv srown
over much of the United Stit6s and
Canada, exhibited fairly clear-cut
susceptible or resistant, reactions to
most, cultures. X'urthermore. to-
gether with Anthony, they con-
stitute a link with the old set of
difrerentials. Inclusion of these
four "older" varieties will enable
investigators to establish relation-
ships between old and new races,
at least to a limited extent. tr'or
example, so far as reaction of these 4
varieties is concerned a group of
races including 202,203, 205, and
others may be said to correspond to
a, group of old races including 45,
57,95, and others.

Bondvic. a varietv recentlv devel-
oped in Iowa, cairies a lype of
resistance to crown rust not, found
in other varieties. Howeyer. its
reaction to some cultures is inter-
mediate between susceptible and
resistant. Saia. which exhibits
clear-cut reac[ions, is highly resist-
ant to m&ny r&ces of cro#n iust and
also is resisiant to stem rust.

In view of the individual adyan-
tages of these 10 varieties and their
eff.ciency as a set, in identifying
isolates of crown rusi, it is suggested
that they be used in'the futlriie for
all crown rust race identification.
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REACTIONS OF RECOMMENDED DIFFERENTIATS TO
RACES IDENTIFIED ON THEM THROUGH 1951

While the study reported here
was in progress, other invesligators
were testing the same new set, of 10
crown rust differentials used in it.
Peturson, in correspondence with
the authors, described 20 r&ces
characterizeci bv reactions of these
differentials. Silva (/5) described
24 such races. In sbme instances
the same races were discovered
independently by different investi-
gators. The complete series of
cro.wn rust races that had been
identified on the new set of difier-
ential varieties bv the end of 1951
included 59 racei numbered 201 to
259, the discoverers and codis-
coverels of which were as follows:

Discouerer or
Bace or races coiliscouerers

202-------------- Peturson; Si lva; Si-
mons and Murohv.

201, 203, 237 - - - - - - Peturson; Simoniarid
M urohv.

Tenr,n 9.-Aaerage-reoctions L oJ new set oJ 10 d,i,ferenti,al uarieties oJ oats,'in
the seedling stage, to races 201 to 259 oJ croum rust 2

201________
202-_____-_
203__---___
204________
205____--__
206__--____
207 __-_-_-_
208-____-__
209____-___
2ro_______-
211________
2r2____--__
2r3-_______
2t4___-____
2t5- _-___ _ -2t6___ _____

Race or races
Discouerer or
codiscouerers

205,216,22t,223, Si lva; Simons and
225,233. Murphy.

236, 238--------- -  Peturson; Si lva.
204,206,207, 208,\

2L3, 2t4, 2r5,1

'rt|, |tg, l]fl'fsi."o". and Murphy.
,ri" ,trI" 21i"1
258.259. l

209, 2lO, 211, 212,\
226, 228, 225,1
230, 231, 232, )Peturson.
234, 235, 239,1
24O. )

243 to 257 -- ------ Silva,

Average reactions of the new set
of 10 differential varieties, in the
seedling stage, to these 59 races &re
presented in table 9. To facilitate
rapid identification of the races,
descriptive formulas listing the vari-
eties resistant to each a,re presented
in table 10.
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R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
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H
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R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
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S

s
S
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S
S
S
S
S
D
S
S
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S
U
S
S
S
S
S
S
R
R
S
R
S
S
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S
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R
R
R
R
R
R
R
R
R
R
R
R
S
S
S
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R
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R
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R
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R
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R
R
R
R
R
s
R
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See footnotes at etrd of table.
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Teer,p 9.-Auerage reactions I oJ new set oJ 10 di,ferential aarieties o.f oats,
in the seedli,ng stage, to races 201 to 259 oJ crown rust'?-Continu-ed

2r7-__-____l  S

r03101 I 102

k

110r08 I r09107

?

l'-

105

k

Fl

104

218-_-_-___l  S
2t9__-_--__l  s
220____-___l  S
22r_______- l  s
, r r ts
223_---____l  S
224-------- l  S
225___-____l  S
226-____-_- l  S
227-_-__-__l  S
228________l R
225__------ l  R
230________l R
231________l S
232____-___1 S
233____---_1 S
234---___-_) R
235-_--____1 S
236___-____l  S
237-_______ S
238________1 R
239-_______t R
240_-_-____1 S
24t__--____ s
,L9. I S

243___---__ S
,LLlS

245--___-__l  R
246_---____l  R
247__-_____1 R
248_-______l  S
249_-____-- l  R
250___---__l  S
25r________l R
252--______l  S
253__-_____l  S
254_-_-____ R
255___-____ S
256____-_-_ S
257________l S
258__-_____l  S
259_-_-____1 S
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.1B:resistant (infection types I, 0, 1,and 2); S:susceptible (infection types3and
4); Int:interTediate between resistant and susceptible. 

- 
Infeciion types irie defined

in footnote 1 of table 1.
2 Discoverers of races 2OL to 259 are listed on o. 18.
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Tesr,n 10.-Destipti,oe Jormulas Jor 59 raaes oJ crcwn rwst idcnffied on
new set oJ 10 diferenti,al oat aarteti,es

Resistant varieties 1 Resistant varieties t

227
248
202
257
205
206
242
220
250
221
252
203
241
207
208
222
223
224
256
258
259
213
2t4
215
2r8
253
216
217
275

l, 2, 3, 4,5, 6, 7, 8, 9, 10
1,2,3,4,5,6,7,8,  I
l, 2, 3, 4,5, 6, 8, 9, 10
1,2,3,4,5,  6,  8,  I
1,2,3,5,6,  7,  8,  9,  10
1,2,3,5,6,  8,  9,  10
L, 2, 4, 5,6, 7, 8, 9, 10
1,2,  4,  5,6,  7,  (9)
1,2,4,5,6,7,10
1,2,4,5,6,  8,  9,  10
l, 2, 4, 5, 6, (9), l0
1,  2,  5,  6,7,  g,  9,  l0
r ,2,5,6,7,8,9
r, 2, 5, 6, 7, (9), 10
1,2,5,6,8,  9,  10
1, 2, 5, 6, 10
1,2,5,6,8
2,3,  4,  5,6,  7,  8, .9,  10
2,3,4,5,6,  7,  8,  I
2, 3, 4, 5,6, 8, 9, 10
2, 3,4,  5,  6,  8,9
2,3r5,6,7,  g,9,10
2,4,  5,6,7,  8,  9,  10
2,4,5,6,7,8,9
2,4,5,6,7,8,10
2, 4,  5,6,7,  9,  10
2,4,5,6,7,9
2, 4,  5,6,7,  lO
2, 4,  5,6,7
2, 4,  5,6,8,  9,  10

239
234
228
229
209
2LO
238
246
249
230
254
201
25r
245
2tL
247
204
240
235
23r
232
2t2
237
236
233
225
255
244
243
226

2,4,5,6,8,9
2,4,5,6
2, 5, 6, 7, 8, 9, l0
2,5,  (6) ,7,9,  9,  10
2r5,6,7,9,9
2, 5, 6, 7, 8, lA
2,6,6,7,8
2,5,6,7,9,  10
2, 5,6,7,9
2,5,6,7,70
2,5,6,7
2, 5, 6, 8, 9, 10
2, 5,6, 8, I
2, 5, 6, 8, l0
2,5,6,8
2,5,6,9,  l0
2,5,6,9
2, 5, 6, 10
2,6,7,9,9
4, 5, 6, 7,9, 9, 10
4,5,6,8,9,  l0
5,6,7,8,9,  l0
5,6,7,8,9
5,6,7,8,  l0
5, 6, 7, 9, 10
5, 6, 7, lO
5, 6, 8, 9, 10
5, 6, 8, 10
5, 6, 9, 10

1 Numbers in this column refer to the difrerential varieties listed in table 9. The
numbers associated with varietal names in table g have been coded here by subtracting
100 from each. Parentheses signify intermediate reaction.

SUMMARY

The fungus Puccin'ia coronatu
Cda. var. anen&e X'raser & Led.,
commonly called crown rust. causes
the most-serious disease of oats in
the eastern half of the United
States. The set of 13 varieties of
oats chosen in 1935-36 as standard
differentials for races of this rust
has now lost much of its usefulness.
because new or formerly unimpor-
tant races of the rust have become
prevalent. With a view to finding
B, more serviceable set of crown
rust difrerentials, these and other
oat varieties were tesbed in 1950

and tgSl on cultures from collec-
tions made at widelv scattered
points in the North Central, North-
eastern, and Southern States. The
varieties tested were grouped in 3
sets: (1) The standard 13 difreren-
tials-Ruakura. Green Russian.
Elawkeve. Anthonv. Sunrise. Vic-
toria. Grden Mouniriin. TV'hit6 Tar-
tar, Appler, Sterisel, Belar, Bond,
and Glabrota; (2) & new set con-
taining Anthony, Victoria, Appler,
and Bond of the old set plus Land-
hafer, Santa Fe, Ukraine, Tris-
pernia, Bondvic, end, in 1951,
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Saia; and (3) the combined series
of old and new varieties.

In 1950. tests on the old set of
difrerentials led to differentiation of
14 races, of which the most comrnon
was race 45. A race not previously
described was numbered 111. Bv
use of the new set. 27 races wer-e
difrerentiated; by use of the com-
bined set, 43.

In 1951. 16 races were difreren-
tiated on the old set of differentials.
Race 45 again was the most preYa-
lent form, being even more common
than in 1950. Race 101. observed
for the first time in 1949. was the
second most prevalent, comprising
almost 20 percent of the total
number of isolates identified. Five
new r&ces were described and were
numbered 105, 106, 107, 112, and
113. Race 112 parasitized all vari-
eties of the old set except, Ruakura.
Bv use of the new set. 27 roces were
diherentiated. Thesir were Eiven
numbers beginning with 201. Race
202 was the most prevalent, com-
prising 35.2 percent of all the iso-
lates. By use of the combined set,
44 races were difrerentiated. The
most common of these was the one
identified a,s r&ce 45 on the old set
and as race 202 on the new set.

NUST DIFFERENUAIJS 2L

Reletivo efficiencies of tho three
sets in 1951 were calculated on the
basis of the 370 cultures tested on
the combined set. Within this
series of cultures the old set differ-
entiated 16 races; the new set, 26
races; and the combined set, 44
r&ces. Accordins to total number
of races identifieii. the new set had
a relative effi.ciency value of 162.5
and the combined set a value of
275 on a scale on which the effi-
ciency of the old set was arbi-
traril-y rated 100. Accordine to
ratio-of number of races idenf,ified
to number of varieties composing
a set, the new set, was rated 211.2
and the combined set 188.2 on such
a scale.

Aside from ratinss of the relative
efficiency of the thiee sets of difier-
ential varieties. the characteristics
of the individual varieties com-
posing each set and the value of the
iqformation obtained by use of each
sdt were considered wiih resard to
possible bearins on the solulion of
problems encou"ntered in oat breed-
rng and pathological investigations.
IVIt^h these faclors in min? it is
recommended that the new set of l0
varieties used in 1951 be used hence-
forth to identifv races of crown rust.
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